ABSTRACT
INTRODUCTION
Publicly accessible computerized repositories of gene and other biological information (e.g. GenBank and EMBL) have served as integral research components for several decades. Given the utility of these repositories, it is critical that new forms of biological data are similarly archived and made available. This is particularly true for DNA microarray information, which holds great potential for understanding differential gene expression patterns in physiological and pathological processes. Furthermore, the public availability of DNA microarray data would enable independent validation of published findings, a process that is currently problematic given that complete/untransformed and fully annotated data sets are not generally placed into the public domain. Indeed, a consensus opinion has emerged supporting the need to couple publication of microarray data with web-based availability of data to facilitate confirmation of findings .
A (Gardiner-Garden and Littlejohn, 2001; Stoeckert et al., 2002) . As is the case for nucleotide sequence databases, direct web-based submission by authors is a principle paradigm for populating DNA microarray databases with data from individual laboratories. Here, we report the development of a functional prototype database in which the processes of submission of samples to a DNA microarray core facility and the collection of experimental information and hybridization data are integrated with deposition of data into a web-accessible database. This integration of data acquisition and storage (concomitant with experimentation) combined with a mechanism by which the contributor schedules public release of data, assures the timely placement of data into the public domain. Another advantage of this system is that users can access raw microarray data (e.g. images of hybridized microarrays) in addition to gene expression values from normalized data sets, the form of data generally available from other databases.
DATABASE ORGANIZATION AND DATA DEPOSITION
The Medical University of South Carolina (MUSC) DNA Microarray Database employs the laboratory information management system, µArrayDB (Array Genetics, Newtown, CT, http://www.arraygenetics.com), and runs on a DELL Server under Red-Hat Linux operating system. µArrayDB software is written in the PHP language (http://www.php.net) and interacts with MySQL (http://www.mysql.com) to save data into tables and make queries related to that data. A diagram depicting the structure of the database can be found at http:/ /proteogenomics.musc.edu/projectManage.php? page= model.
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The architecture of µArrayDB permits MUSC investigators to use their web browsers to enter contact information (i.e. name, address, phone, email, collaborator names and password) and DNA microarray project information including experimental design, description of cRNA targets and Affymetrix GeneChip TM specifications (i.e. type and lot number). Investigators also authorize and schedule the release of their data into the public domain. Control data sets can be released separately from experimental data sets. All information entered through the web forms interface is recorded using a MySQL relational database. Personnel in our DNA microarray core facility use µArrayDB to supplement the records with cRNA quality control information and link the annotations to the storage paths of all associated data files. Contributors of DNA microarray data can also update/supplement their annotations at any time via the web interface.
Data files publicly available for retrieval are Affymetrix files having .DAT, .CHP, .EXP, .CEL and .RPT extensions. In addition, a tab-delimited file (i.e. .TXT) containing expression values resulting from transformation of the raw data is available for downloading. Attributes for the data transformation are defined in the .RPT file that is available for hypertext viewing. The availability of the raw (i.e. untransformed) data files is an important feature for users that wish to analyze expression data using parameters different than those employed by contributors at the time of submission.
VIEWING AND DOWNLOADING DATA
A principle tenet underlying the development of the database is that public access to DNA microarray data allows for reanalysis of published data and promotes further discovery. Public searching and retrieval of data stored in the database can be achieved via the web interface of µArrayDB. On-line registration is required to access the full set of database searching features and to download data. The system allows users to search for several fields of data, including the source of the cRNA target (e.g. source organism, tissue type and cell line), GeneChip type and keywords. The results of the searches are lists of cRNA target records, grouped according to project and including abbreviated source information, chip type, quality control information (e.g. Agilent Bioanalyzer analysis of RNA samples and GeneChip hybridization RawQ values) and links to full annotations. Users can also view a summary showing the number of current holdings in the repository, the number of records currently available to the public and the schedule for public release of other records. Raw hybridization data that are stored in the database have been compressed using the Linux compression utility, bzip2. This compression allows for faster downloads and also conserves disk storage space on the host server. The resulting compressed files have a '.bz2' file extension and are also marked with a compression icon. The µArrayDB system also allows decompression of files prior to downloading.
FUTURE DIRECTIONS
We plan to continue to add new features to the MUSC DNA Microarray Database. Currently, our system does not have the capabilities to perform analysis of raw or processed/transformed data sets in the database. However, we plan to develop algorithms that permit web-based analysis of such data. We are also working to archive information in accordance with Minimum Information About a Microarray Experiment (MIAME), Microarray Gene Expression Database (MGED) and Microarray Gene Expression Markup Language (MAGE-ML) standards and goals for recording and exchanging gene expression data (Brazma et al., 2001; Spellman et al., 2002) .
